The chemical composition, antimicrobial, antioxidant and cytotoxic activities of the essential oils isolated from the leaves of Plectranthus cylindraceus Hoechst. ex. Benth. (EOPC) and Meriandra benghalensis (Roxb.) Benth. (EOMB) were investigated. Sixteen compounds were identified in P. cylindraceus oil representing 94.5% of the oil content with thymol (68.5%), terpinolene (5.3%), -selinene (4.7%), β-caryophyllene (4.0%), -cadinol (2.1%), and arcurcumene (1.7%) as the major compounds. In M. benghalensis oil, 12 compounds were identified, which made up 82.0% of the total oil. The most abundant constituents were camphor (43.6%), 1,8-cineole (10.7%), -eudesmol (5.8%), caryophyllene oxide (5.8%), camphene (5.3%) and borneol (3.4%). The antimicrobial activities of both oils were evaluated against five microorganisms with the disc diffusion test, the broth micro-dilution method and a semiquantitative bioautographic test. The most sensitive microorganisms for P. cylindraceus oil were S. aureus, B. subtilis, and C. albicans with inhibition zones of 38, 42, and 43 mm and MIC values of 0.39, 0.18, and, 0.18 μL/mL, respectively. M. benghalensis oil showed weak to moderate activity against the tested microorganisms. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay was employed to study the potential antioxidant activities of both oils. The antioxidant activity of P. cylindraceus oil (IC 50 34.5 μg/mL) appeared to be higher than that of M. benghalensis oil (IC 50 935 μg/mL). At a concentration of 100 µg/mL, EOMB showed a stronger cytotoxic activity, with growth inhibition of 71% against HT29 tumor cells, than EOPC (18%).
The Labiatae family (Lamiaceae) is one of the largest and most distinctive families of flowering plants, with about 220 genera and almost 4000 species worldwide. Many biologically active essential oils have been isolated from various members of this family. The plant family is represented in Yemen by 22 genera and more than 80 species, some of which are endemic [1] [2] [3] . Little has been reported on the chemistry and biology of the essential oils from Yemeni Lamiaceous aromatic plants [4] [5] [6] [7] .
The genus Plectranthus (Lamiaceae) includes 12 perennial aromatic herbs and shrubs that grow wild in Yemen [2] [3] . Plectranthus species have been used in folk medicine for treating skin, digestive and respiratory diseases [8, 9] . Phytochemical studies on Plectranthus species showed the presence of many compounds belonging mainly to the groups of eudesmane sesquiterpenes, labdane, abietane, and ent-kaurane diterpenoids, triterpenoids [10] [11] [12] and essential oils with monoterpene hydrocarbons, oxygenated monoterpenes and sesquiterpene hydrocarbons as the main components [13] [14] [15] [16] [17] [18] . P. cylindraceusHoechst.ex. Benth is a strongly aromatic, succulent, branched erect perennial to 1 m in height. It is also found in parts of Saudi Arabia, United Arab Emirates, Oman and East African countries. Analysis of the chemical composition of P. cylindraceus oil extracted from plants grown in Oman showed carvacrol (46.8%) and α-terpinolene (18.2%) as the main components. The oil exhibited antimicrobial and nematicidal activity [16, 17] .
Meriandra benghalensis (Roxb.)Benth(Lamiaceae) is a highly branched and aromatic shrub up to 2 m in height. The plant has a strong odor of liniment and is used traditionally as a carminative, antirheumatic, astringent and an antiseptic plant [19, 20] . M. benghalensis has been previously studied and revealed sesquiterpenes, diterpenoids, triterpenes and flavones [21] [22] [23] .The oil of M. benghalensis from Italy was rich in camphor (80%) [24] , while the oil obtained from Indian M. benghalensis was characterized by linalool (68.4%), 1,8-cineole(17.4%), and αterpineol (2.7%), as the main components [25] .
In the present paper, we report for the first time the chemical composition, antimicrobial, antioxidant and cytotoxic activities of the essential oils of P. cylindraceus (EOPC) and M. benghalensis (EOMB) from Yemen.
The results obtained by GC-MS analysis of EOPC and EOMB are presented in Table 1 . Sixteen compounds were identified in EOPC representing 94.5% of the oil with thymol (68.5%), terpinolene (5.3%), -selinene (4.7%), β-caryophyllene (4.0%) -cadinol (2.1%), and ar-curcumene (1.7%) as the major compounds. Oxygenated monoterpenes predominated in the oil. Thymol is also found in the oils of P. ornatus (14.1%) [15] , and P. melissoides (7.9%) [18] . It is possible that the analyzed essential oil was from a new thymol chemotype of P. cylindraceus. In EOMB, 12 compounds were identified, which made up 82.0% of the total oil. The most abundant constituents were camphor (43.9%), 1,8-cineole (10.7%), -eudesmol (5.8%), caryophyllene oxide (5.8%), camphene (5.3%) and borneol (3.4%). Comparing the chemical composition of EOMB with earlier results showed a partial agreement with their major compounds, such as camphor (82%) identified in Italian M. benghalensis oil [24] , and 1,8-cineole (17.4%), found in the oil of M. benghalensis from India [25] .
The diameters of the inhibition zones, minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of EOPC and EOMB for the microorganisms tested, are presented in Table 2 . The most sensitive microorganisms for EOPC were Staphylococcus aureus, Bacillus subtilis and Candida albicans with inhibition zones of 38, 42, and 43 mm and MIC values of 0.39, 0.18 and 0.18 μL/mL respectively. Our results are in agreement with those reported by Marwah et al. [16] . The strong antimicrobial activity of EOPC can be attributed to thymol [26, 27] , supported by additive and perhaps synergistic effects with other minor compounds in the oil [28] .
EOMB exhibited weak to moderate activities against all the tested microorganisms. A strain of Gram-positive S. aureus appeared to be the most resistant one. These results are in contrast with previous reports in the literature indicating that Gram-positive bacteria are more susceptible to essential oils than Gram-negative bacteria [29] . The antagonistic effect among the main antimicrobial components of EOMB, (camphor, 1,8-cineole and caryophyllene oxide) or with other minor components in the oil might explain the low antimicrobial activity of EOMB [30, 31] .
At the application of 400 μg, antifungal activity of EOMB with inhibition zones of 13 mm was observed against the phytopathogenic fungus Cladosporium cucumerinum using a standardized bioautographic technique [32] . There are few reports on the antifungal activity of EOs and their components against C. cucumerinum [33] . No reports have been found so far regarding the antiphytofungal activity of EOMB. The antioxidant activity of EOPC and EOMB was evaluated by their ability for free radical scavenging against the stable 2,2diphenyl-1-picrylhydrazyl radical (DPPH). EOPC and EOMB gave a positive result in the preliminary assay by TLC. Then, a quantitative spectrophotometric assay was carried out. EOPC was able to reduce notably the stable free radical DPPH to the yellow colored 2,2-diphenyl-1-picrylhydrazyl with an IC 50 value of 34.5 ± 1.3 μg/mL. This can be in part related to the higher level of phenolic compounds (68.5%) in EOPC. Thymol was reported to exhibit antioxidant activity with an IC 50 of 500 μg/mL [34] . The presence of components other than thymol, even in small amounts, such as oxygenated monoterpenes, might take part in the total oil antioxidant activity. EOMB exhibited antioxidant activity with an IC 50 of 935 μg/mL. This lower activity might be attributed to the lower level of phenolic compounds (6.7%) in the oil. None of the oils showed activity as strong as that of the positive control, ascorbic acid (6.2 ± 0.5 μg/mL). To the best of our knowledge, this is the first report on the antioxidant activity of EOPC and EOMB.
The cytotoxic properties of EOPC and EOMB were assessed against human tumor HT29 cells (Human colonic adenocarcinoma cells). At a concentration of 100 µg/mL, EOMB showed a stronger antitumor activity, with growth inhibition of 71% against HT29 cells, than EOPC (18%). The observed cytotoxicity might be due to the presence of various chemical components in the oil including monoterpenes (63.3%), such as camphor. Studies showed that monoterpenes possess antitumor activities and suggested that these components are a good source of cancer chemopreventive agents [35, 36] . 
Volatile oil extraction:
Hydrodistillation of the dried leaves of P. cylindraceus and M. benghalensis using a Clevenger-type apparatus was carried out according to the procedure described in the European Pharmacopoeia [37] and yielded 0.4% and 2.2% (v/w) of oils respectively.
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GC-MS analysis:
An analytical GC-MS system consisting of an Agilent 6890N gas chromatograph and a mass selective detector (Agilent 5973 Network MSD) was used. Injection was done with an Agilent 7683 Series Injector (Split 1:40 at 250°C, 2.0 μL; carrier gas: helium 1.1 mL/min (60 kPa) at 110°C; pressure rise: 6 kPa/min). The MS operated in the electron impact mode with ionization energy of 70 eV. The oven program started with 1 min at 70°C, the oven temperature was increased at 3°C/min to 220°C. Full scan mass spectra were acquired from 45-650 m/z at a rate of 4.5 scans/s and with a 5.00-min solvent delay. Chromatography was performed using a 30-m DB-5 column (J&W Scientific, Folsom, USA) with 0.25 mm i.d. and 0.25 m film thickness. The detected compounds were identified by processing of the raw GC-MS data with ChemStation G1701CA software and comparing with NIST mass spectral database 2.0 d (National Institute of Standards and Technology, Gaithersburg, USA) and from retention indices and mass spectra of standard compounds. Relative amounts of detected compounds were calculated based on the peak areas of the total ion chromatograms (TIC).
Antimicrobial activity:
The antimicrobial activity of the essential oils under study was evaluated by the agar disc diffusion method and the minimal inhibitory concentration (MIC). MIC was determined using a broth dilution method, as previously described [38] . The microorganisms used were Escherichia coli ATCC 10536, Pseudomonas aeruginosa ATCC 25619, Staphylococcus aureus ATCC 29737, Bacillus subtilis ATCC 6633, and Candida albicans ATCC 2091. Müller Hinton Agar (MHA) (Merck, Darmstadt, Germany) was used for bacterial culture at 37ºC. Sabouraud dextrose agar (Merck, Darmstadt, Germany) was used to cultivate Candida albicans.
Determination of antioxidant activity:
For the preliminary test, analytical TLC on silica gel plates was developed with appropriate conditions after application of 5 μL of oil solution dried and sprayed with DPPH solution (0.2%, MeOH). Five minutes later, active compounds appeared as yellow spots against a purple background. Estimation of a radical scavenging effect was carried out by using a DPPH free radical scavenger assay in 96 well microtiter plates (MTP) according to the modified method [39] .
A solution of DPPH (Sigma-Aldrich, Germany) was prepared by dissolving 5 mg DPPH in 2 mL of methanol, and the solution was kept in the dark at 4°C until use. Stock solutions of the samples were prepared at 2 mg/mL and diluted to different concentrations. Methanolic DPPH solution (5 μL) was added to each well. The plate was shaken for 2 min to ensure thorough mixing before being wrapped in aluminum foil and stored inthe dark. A methanolic solution of DPPH served as control. After 30 min the optical density (OD) of the solution was measured at a wavelength of 517nm using a microtiter plate ELISA reader (Thermo, Finland) and the percentage decolorization calculated as an indication of the antioxidant activity of a sample. Each experiment was done at least in triplicate and IC 50 values were calculated using Origin software. Ascorbic acid (Sigma-Aldrich, Germany) was used as a positive control. DPPH scavenging activity is usually presented by an IC 50 value, defined as the concentration of the antioxidant needed to scavenge 50% of DPPH present in the test solution.
Cytotoxicity test: HT29 cells were grown in a 5% CO 2 environment at 37°C in RPMI 1640 medium without L-glutamine, supplemented with 10% fetal bovine serum, 1% (200 mM) L-alanyl-L-glutamine and 1.6% HEPES (1 M). Cells were plated into 96-well cell culture plates at 1.5 × 10 3 cells (HT29) per well. The volume in each well was 100 μL. After 24 h, supernatant fluid was removed by suction and replaced with 100 μL growth medium containing 0.1 μL of a DMSO solution of the essential oil, giving final concentrations of 100, 50, 25, 12.5 μg/mL for each well. Solutions were added to wells in 3 replicates. Medium controls without cells and DMSO controls (0.5 μL DMSO/mL) were used. Digitonin (125 µM) was used as a positive control [40] . After the addition of oils, plates were incubated for 72 h at 37°C in 5% CO 2 ; medium was then removed by suction, and 100 μL of fresh medium was added to each well. In order to establish percent growth inhibition rates, the XTT assay for cell viability was carried out according to Cell Proliferation Kit II protocol, (Roche) [41] . After colorimetric readings were recorded (Molecular Devices Spectra MAX M5 microplate reader, 490 nm), average absorbance, growth inhibition and standard deviations were determined.
